6th American Association for Wind Engineering Workshop (online)
Clemson University, Clemson, SC, USA
May 12-14, 2021

Vulnerability Assessment of Structural Insulated Panels
Subjected to Windborne Debris Impact
Dikshant Saini a,*, Behrouz Shafei b
a

Graduate Research Assistant, Dept. of Civil, Construction, and Environmental Engineering,
Iowa State University, Ames, IA, USA, dikshant@iastate.edu
b
Associate Professor, Dept. of Civil, Construction, and Environmental Engineering,
Iowa State University, Ames, IA, USA, shafei@iastate.edu

ABSTRACT:
This study investigates the damage to structural insulated panels (SIPs) under windborne debris hazards. For the SIPs,
a high-fidelity finite element (FE) framework is developed to evaluate the perforation resistance. In this study, SIPs
consisting of expanded polystyrene (EPS) sandwiched between two metal skin layers are investigated. The simulation
approach is validated with the impact tests performed on the SIPs. Upon validating the models, the performance of
SIPs is investigated using several parameters, including deformation pattern, critical and residual velocity, and energy
absorption. The vulnerability of the SIPs is determined by evaluating the critical velocity, which is defined as the
maximum velocity at which no perforations occur. Furthermore, a parametric study is conducted to study the influence
of mechanical and structural properties of face sheets and foam core on the perforation resistance of SIPs used in high
wind hazard regions.
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1. INTRODUCTION
Windborne debris hazard is a significant source of damage to residential and commercial
buildings, resulting in billions of dollars of property loss over the past few decades. The creation
of openings from impact damage will change the building's internal pressure, which would trigger
further damage to structural and non-structural components. Among common types of buildings
walls, structural insulated panels (SIPs) have received growing attention, owing to their high
energy efficiency and reduced construction time. A typical SIP consists of polymeric foam
sandwiched between two structural sheets of steel, aluminium, glass fiber reinforced polymer
(GFRP), and oriented strand board (OSB). Although SIPs are considered to have superior strength,
the impact resistance of such class of wall panels against windborne debris hazard has not been
investigated. In this study, the performance of SIPs subjected to windborne debris impact using
high-fidelity finite element (FE) models. For that purpose, a set of representative numerical models
are developed, which are calibrated with impact tests from the literature (Chen and Hao, 2014). In
this study, the SIPs with a height of 2.4 m, a width of 1.2 m, and a total thickness from 50 mm to
150 mm, are investigated. Based on the developed models, a parametric study is conducted to
investigate the effects of a wide range of parameters (e.g., debris mass, impact velocity, mechanical
and structural properties of face sheets and foam core) on the energy absorption of SIPs during the
impact process. Finally, a set of vulnerability curves are developed as a function of debris mass
and debris velocity to predict the perforation resistance of SIPs.
2. METHODOLOGY
To investigate the perforation resistance of SIPs subjected to windborne debris impact, a set of
explicit FE simulations are performed in LS-DYNA (Saini and Shafei, 2020). The developed
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models for SIPs consist of a 100 mm thick expanded polystyrene (EPS) foam core sandwiched
between two 0.4 mm metal sheets made up of zincalume G300 steel. A timber projectile of a mass
4.1 kg and 100 mm × 50 mm in cross-section is modelled to simulate the windborne debris impact.
This satisfies the impact test requirements prescribed for extreme conditions, per Florida Building
Code (2017). The face sheets are modeled using an elastic-plastic material model, capturing the
strain rate effects using Cowper and Symonds model. The EPS foam core is modeled using a
modified crushable foam model that models the yield stress as a function of volumetric strain and
volumetric strain rate. As observed in the past experiments, the hardwood projectile commonly
experiences no deformation and mass loss during impact. Thus, it is modeled as a rigid object. The
interaction between the projectile and SIPs is captured by using appropriate contact algorithms.

35

35

30

30

Critical velocity (m/s)

Residual velocity (m/s)

3. RESULTS
In this study, the perforation resistance of SIPs is evaluated by calculating the critical velocity.
Critical velocity is defined as the maximum velocity of debris below which the full penetration
does not occur. To capture the critical velocity, a set of simulations are conducted at sufficiently
high velocities, in which the debris passes through the SIPs. After recording the residual velocities
from the FE simulations with increasing initial debris impact velocities, the expression proposed
by Ipson and Recht (1975) is employed for fitting the curve. Figure 1(a) illustrates how the fitted
curve can be utilized to obtain the critical velocity. To obtain a vulnerability curve, the process is
repeated for different debris masses from 2.0 kg to 8.0 kg. The relationships obtained for the debris
mass and corresponding critical velocities can be expressed as vulnerability curves (Figure 1(b)).
The curve illustrates that the SIPs will not experience perforation when the combination of design
wind speed and the debris mass falls under the curve.
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Figure 1. Development of vulnerability curve: (a) relationship between residual velocity and initial velocity, and (b)
vulnerability curve.
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